Reaction F 2 + C 2 H 4  F + C 2 H 3 F (1) has been studied using a discharge flow reactor combined with an electron impact ionization mass spectrometer. The reaction rate constant was determined either from kinetics of the reaction product, F-atom, formation or from the kinetics of F 2 consumption in excess of C 2 H 4 : k 1 = (7.94 ± 2.06) × 10 -12 exp(-(3867 ± 120)/T) cm 3 molecule -1 s -1 at T= 297-833 K. The reaction activation energy, 7.7 ± 0.3 kcal mol -1 , is consistent with current theoretical prediction for the reaction barrier height and seems to solve the long-standing problem of the divergence between theory and experiment.
Introduction
Elementary reactions of F 2 molecules exhibit certain specific features and represent an interesting research topic both for theorists and experimentalists. So, on the one hand, molecular fluorine relatively slowly reacts with chemically active species, such as halogen and oxygen atoms and, on the other hand, it manifests relatively high reactivity with respect to some closed-shell molecules [1] . Fluorination of alkenes is an interesting class of reactions of molecular fluorine, which were shown to proceed with a relatively low barrier. Experimental crossed beam data provide a threshold in collision energy of 5.5 [2] and 2.4 kcal mol −1 [3] for F 2 reactions with C 2 H 4 and C 3 H 6 , respectively, while F 2 reaction with double methylsubstituted ethylene is expected to proceed with very low barrier of less than 1 kcal mol -1 according to the theoretical predictions [4] . It should be noted that despite recent interesting experimental (basically crossed beam data) and theoretical findings, there are virtually no quantitative kinetic data on the reactions of F 2 with alkenes. In particular, temperature dependent kinetic studies are needed in order to resolve the long-standing general problem of the disparity between the high level theoretical calculations and experimental barriers of the F 2 reactions with C 2 H 4 and C 3 H 6 [5, 6] . For example, theoretical barrier for the reaction of F 2 with the simplest alkene, C 2 H 4 , is higher by (1.6-2.5) kcal mol -1 compared with the experimentally observed reaction threshold in collision energy. As noted by Feng and Allen [6] , "the perplexing disparity between the state-of-the-art theoretical and experimental barriers for the C 2 H 4 +F 2 reaction elevates this system as an important testing ground for chemical physics."
In the present work we report the results of an experimental kinetic study of the reaction of molecular fluorine with C 2 H 4 in an extended temperature range (from 297 to 833 K):
The reaction enthalpies are from ref. [1] . We show that the activation energy determined from temperature dependence of the reaction rate constant is consistent with theoretical prediction for the reaction barrier height.
Experimental
Experiments were carried out in a low pressure discharge flow reactor using a modulated molecular beam mass spectrometer with electron impact ionization as the detection method with a thermocouple inserted in the reactor through the movable injector was found to be less than 1% [10] .
The configuration of the flow reactor used in the experiments is shown in Figure S1 . >99.99% (Aldrich).
Results and Discussion

Rate constant of reaction (1).
The rate constant of reaction F 2 + C 2 H 4 was determined using two different methods. In the first one, used in most experiments under conditions where reaction (1) is relatively slow and consumption of the reactants is too low to be measured accurately, the rate constant was determined by monitoring the kinetics of the reaction product, F-atom. The second approach used at higher temperatures (T = 590, 728 and 833 K), consisted in a direct monitoring of the kinetics of F 2 consumption in excess of C 2 H 4 .
Kinetics of F-atom production in reaction (1).
In this series of experiments, the rate constant of reaction (1) 
Examples of the kinetics of F-atom (FBr) production are shown in Fig. 1 . The slopes of the straight lines in Fig. 1 and Br 2 ) used in the measurements could, in fact, generate a number of side and secondary reactions, which should be discussed. First, F-atoms, formed in primary reaction (1a) and scavenged in reaction (2) with Br 2 , could also react with C 2 H 4 :
Reaction (3) was studied in a recent work from this group [8] where the independent of temperature total rate constant k 3 = (1.78 ± 0.30)×10 -10 and partial rate constants for two reactive channels, k 3a = (0.80 ± 0.07) × 10 -10 exp(189 ± 37/T) and k 3b = (1.26 ± 0.13) × 10 with Br 2 , which can proceed through two reaction pathways in the temperature range of the study:
The rate constant of FBr formation in this reactive system was measured in a recent study from this group: k 6a + 2×k 6b = (9.23 ± 2.68) × 10 -11 exp(-(8373 ± 194)/T) cm 3 molecule -1 s -1 at T = 500-960 K [7] . Contribution of this reaction to the measured profiles of FBr was negligible at lower temperatures of the study. However, at the highest temperature (T =809 K) of the study it reached 40%. In this case, the concentration of FBr formed in reaction F 2 +Br 2 was directly monitored in the absence of C 2 H 4 in the reactor and was extracted from that measured in the presence of C 2 H 4 in the reactive system. Finally, Br atoms formed, mainly, in the reaction (2) were present in the reactive system in concentrations close to those of FBr.
Reaction of Br atoms with F 2 is another potential additional source of FBr [7] :
Br + F 2  FBr + F (7) k 7 = (4.66 ± 0.93) × 10 -11 exp(-(4584 ± 86)/T) cm 3 molecule -1 s -1 (T= 300-940 K)
The contribution of this reaction to the measured rate of FBr formation, significant only at highest temperatures (up to 18% at T = 618 and 809 K) of the study, was taken into account.
Kinetics of F 2 consumption in excess of C 2 H 4 .
Reaction (1) Table 1 . In order to check for the possible impact of a secondary chemistry on the results of these measurements, the rate of reaction (1) was measured at T = 833 K with fixed concentration of 
Comparison with previous studies.
All the results obtained for k 1 at different temperatures in the present study are shown in Three previous studies [14] [15] [16] reported indirect measurements of the rate constant of reaction (1). Kapralova et al. [16] have studied the reaction of [16] and lower than the activation energy determined in the present work (7.7 ± 0.3 kcal mol -1 ). The source of disagreement between the reaction threshold measured by Lu et al. [2] and activation energy determined in the present work is not clear. The possible impact of vibrational excitation of F 2 in molecular beams was analyzed and reported to be negligible [2] . The experimental data can be compared with calculated reaction barriers of 7.1 [2] and 8.0 kcal mol -1 [6] reported in the most recent theoretical studies. The theoretical potential energy barriers were substantially higher than the available experimental data for reaction threshold and activation energy. This discrepancy between the computed and experimental barriers for the reaction of F 2 with C 2 H 4 , simplest alkene, posed a general problem for the understanding of the mechanism of fluorination of alkenes. In this respect, the present study, where the activation energy of the reaction F 2 +C 2 H 4 , 7.7 ± 0.3 kcal mol -1 , is derived from the direct absolute measurements of the reaction rate constant as a function of temperature in an extended temperature range and is well consistent with computed barrier data, appears to solve the problem of the discrepancy between theory and experiment. It can be noted that a similar theory/experiment problem also exists for the reaction of F 2 with C 3 H 6 , for which the experimentally determined threshold of 2.4 ± 0.3 kcal mol -1 is lower than the calculated ones by 2.0 or 2.8 kcal mol -1 [3] . It would be interesting to conduct similar kinetic measurements
